Medical area is an integral part of our lives due to health concerns, but the availability of medical information does not guarantee its correct understanding by patients. Several studies addressed this issue and pointed out real difficulties in the understanding of health contents by patients. We propose to use eye-tracking methods for studying this issue. For this, original technical and simplified versions of a deidentified clinical document are exploited. Eye-tracking methods permit to follow and to record the gaze of participants and to detect reading indicators such as duration of fixations, regressions and saccades. These indicators are correlated with answers to questionnaires submitted to participants after the reading. Our results indicate that there is statistically significant difference in reading and understanding of original and simplified versions of health documents. These results, in combination with another experiment, permit to propose a typology of medical words which need to be explained or simplified to non-expert readers.
Introduction
Medical area is an integral part of our lives due to health concerns and to presence of health information in media and literature. With the evolution of Internet, medical and health information is becoming widely available and accessible online. It has been noticed that, across the world, Internet is positioned at the second place where patients are searching for health information, while the first source of information is still occupied by consultations with medical doctors (Pletneva et al., 2011; Fox, 2011) . According to these surveys, up to 24% of the population uses Internet at least once a day to find information on health issues and up to 80% of population is looking for health information on Internet in general. Yet, the availability of medical information does not guarantee its correct understanding by patients. Medical area conveys indeed very specific terminology, like abdominoplasty, hepatic or metatarsophalangeal. This fact has been stressed by several studies dedicated to poor understanding of health information (McCray, 2005; Patel et al., 2002; Williams et al., 1995; Berland et al., 2001) and to complicated communication between patients and medical staff (Jucks and Bromme, 2007; Tran et al., 2009) .
Text complexity is studied in several disciplines, such as linguistics (Iacobini, 2003; Lüdeling et al., 2002) , psychology (Bertram et al., 2011; Lüttmann et al., 2011; Bozic et al., 2007; Dohmes et al., 2004; Cain et al., 2009) , and NLP (Natural Language Processing) with traditional (Flesch, 1948; Dale and Chall, 1948) and computational (Zeng et al., 2005; Chmielik and Grabar, 2011) approaches. The purpose of our work is to study further the understanding of health documents by non-expert people. We work with data in French. More particularly, we propose to address the reading and understanding of health information through methods and tools provided by eyetracking. Indeed, study of eye movements during the reading is indicative about the cognitive processes involved. More particularly, text difficulty and readability can be measured with several indicators (Duchowski, 2007; Rayner, 1998; Sparrow et al., 2003; Miellet et al., 2008) . Among the eyetracking indicators, we can mention the following, which are the most exploited in the existing work:
• Saccades are rapid movements of eyes during the reading to go from one spot in the text to another. When the text is easy to read and understand, saccades are longer, and they become shorter when the text is complicated because readers need more time for reading;
• Fixations are periods during which the eyes are stable. Fixations correspond to moments when visual information is analyzed. Duration of fixations is increased when the texts are difficult because such texts require longer time for the assimilation of information. Correspondingly, the duration of fixations decreases when the text is easy to read and understand;
• Regressions occur when the reader goes back to the text spans already read. When the text is difficult it usually requires more regressions.
Hence, the comparison of eye-tracking parameters (duration of fixations, length of saccades, regressions, etc.) recorded during the reading of texts permits to evaluate with more precision difficulties and blocking points of readers. According to our hypotheses, reading of complex texts and unknown terms condition our attention and the movements of our eyes present then typical and observable patterns. Such indicators can be directly correlated with difficulties occurring during the text reading and understanding: for instance, when a text contains technical terms, the reading speed and fixations are longer, and require more time for the assimilation. We propose to exploit the findings from the eye-tracking experiments for the detection of blocking reading points in medical texts and for providing a typology of medical words for which reading and understanding may present some difficulties. This typology is also supported by another set of experiments performed with medical terms in French. One issue is that these medical words and terms should be simplified or explained to laypeople and patients for making better their understanding of the medical contents.
Eye-tracking and its indicators are exploited in several contexts for the detection of text spans that attract or block the eye movements and the reading, such as: relation between speech and eye movements, when participants are looking at picture segments which correspond to the sentences they are hearing (Cooper, 1974; Tanenhaus et al., 1995; Wendt et al., 2014) ; reading of texts in first and second languages (Altarriba et al., 1996; Bisson et al., 2014) ; reading of texts by dyslexic people (Rubino and Minden, 1973; Elterman et al., 1980; Nilsson Benfatto et al., 2016) and autists (Yaneva et al., 2015) ; processing of syntactic structures (Frenck-Mestre and Pynte, 1997; Clifton and Staub, 2011; Trueswell et al., 1994; Singh et al., 2016) ; detection and processing of errors (Keating, 2009) ; evaluation of text complexity during the translation (Sharmin et al., 2008) and language acquisition (Balakrishna, 2015) .
Usually, in relation with understanding of texts, two closely related aspects are distinguished (Figure 1 ):
1. On one side, patients have a given level of literacy and of health literacy, when situated in the health area. This aspect is researched by Therapeutic Patient Education (TPE), which purpose is to diagnose and to improve the health literacy of patients (Golay et al., 2007; Pélicand et al., 2009; Glasgow et al., 2012 2. On the other side, health documents show a given readability level and can be more or less difficult to read and to understand. Here, the purpose is to diagnose the difficulty of information and to make this information more easily accessible for laypeople. Typically, this process is addressed by researchers in NLP for the readability diagnosis and for the text simplification (Biran et al., 2011; Brouwers et al., 2012; Glavas and Stajner, 2015) .
Our work is related to the second aspect: diagnosis of text readability.
In what follows, we first present the material used (Section 2) and the protocol of the approach (Section 3) to reach the objectives. Section 4 is dedicated to the description and discussion of the results obtained, and Section 5 draws the conclusion and proposes some issues for the future work. All experiments are performed with the Frenchlanguage data.
Material
Two short excerpts of deidentified clinical documents are used: summary discharge in cardiology and radiology report of feet and hands. These texts are used in two versions: original (technical) and manually simplified (see Figure 2 ). Due to the experimental setting of eye-tracking experiments, the texts used are short: 48 words in text 1 and 112 words text 2 . For the simplification, we use automatically built resources (Grabar and Hamon, 2014; Antoine and Grabar, 2016) , which provide pairs of equivalent terms such as {myocard; heart muscle}, {desmorrhexy; rupture of ligaments}, and pairs of hyperonyms such as {metatarsophalangeal→foot}. Synonyms and paraphrases are used in priority, and hyperonyms are used when synonyms and paraphrases are not available. The simplification is typically done for words and terms which have been judged as nonunderstandable in previous research, for which almost 30,000 medical words from the UMLS (Lindberg et al., 1993) and Snomed International (Côté, 1996) terms have been manually categorized as understandable or non-understandable (Grabar and Hamon, 2016) . Overall, the text 1 has undergone seven modifications, and the text 2 ten modifications. After the simplification, text 1 contains 65 words and text 2 82 words. As a matter of fact, text 1 has become longer because its original version contains several compoundings which simplification requires paraphrasing with several words.
These texts are used to build two testsets, in which the order of technical and simplified texts varies:
• testset 1 : original text 1 and simplified text 2 ,
• testset 2 : simplified text 1 and original text 2 . 
Approach
We first describe the inclusion criteria of this study, and then the protocol of the eye-tracking experiments, and the analysis of the obtained data (Sections 3.1 to 3.3).
Inclusion Criteria
50 participants are recruited and each testset is read by 25 of them, so that statistical significance between original and simplified versions can be computed. Can be included in the study: 1. undergraduate students from different disciplines (psychology, linguistics, history, communication studies...). Medical and paramedical students are excluded. Usually, 5 levels of literacy are distinguished (Bernèche and Perron, 2006 ):
• levels 1 and 2 correspond to persons who have serious difficulties in reading, understanding and assimilation of information;
• level 3 gathers people who usually have standard readability and literacy level. They are fluent in reading and can understand general language purposes;
• levels 4 and 5 correspond to persons who show the capacity to read, understand and make complex deductions, which is often specific to persons with high school education.
Undergraduate students are usually associated with the third level of literacy, and are representative of the average citizens (Bernèche and Perron, 2006) ; 2. people without chronic disorders because in that case they may be familiar with medical terminology;
3. people without dyslexia because they have difficulties with reading, which are not specifically due to the reading of specialized texts, such as aimed in our study;
4. people with French as first language, which provide the common basis for all participants and guarantees that difficulties in reading and understanding are not due to other causes than specificity of the medical field.
Eye-tracking Protocol
The proposed approach is based on exploitation of eye-tracking, which purpose is to measure the fluidity of reading with objective measures like the number of saccades, the duration of saccades, the number of fixations, the duration of the first fixation, or the regressions (Sparrow et al., 2003; Miellet et al., 2008) . These indicators typically permit to detect text zones which obstruct the reading and the understanding, as the two of them are
The heart is supplied in blood by coronary arteries which are fed by another artery: the aorta. When the diameter of coronary arteries is reduced because of progressive formation of fat patches, cardiac muscle is no more supplied in oxygen and nutrients: it is suffering. If the artery is blocked completely, infarctus may be close... Bypass and stent have the same purpose: restore normal blood flow. 5. After the reading of each text, the participant has to answer multiple choice questionnaires (two questions per text) to control the understanding of these texts. On the text 1 , these two questions are asked:
• The sonography is done for: (1) shoulder, (2) hands and feet, (3) I do not know
• Which inflammations are looked for: (1) articulations only, (2) articulations and tendons, (3) I do not know
On the text 2 , these two questions are asked:
• The patient has problems: (1) cardiac, (2) cerebral, (3) I do not know
• The patient is treated with: (1) surgery, (2) genetically, (3) I do not know
On the control text, these two questions are asked:
• The arteries can be damaged with: (1) fat patches, (2) calcium patches, (3) I do not know • When the artery is blocked, there is risk of: (1) headaches, (2) infarctus, (3) I do not know 6. At the end, if desired, the results recorded further to his reading are presented and explained to the participant.
Overall the experiment lasts for 15 to 20 minutes.
Analysis of Eye-tracking Data
The data collected during the eye-tracking experiments are analyzed with several statistical measures, such as t test, statistical significance, degree of freedom (Walker, 1940) and standard deviation. The objective is to assess the difference of indicators when reading original and simplified versions of texts. We expect that the simplified version of texts is read more easily, e.g. with short fixations, long saccades and no regressions.
Results and Discussion
We first present the results obtained from the presented eye-tracking experience (Section 4.1) and discuss them, we then indicate some advantages of using the eye-tracking methodology (Section 4.2) and some known limitations (Section 4.3), and propose a typology of words that may present reading difficulties in medical texts (Section 4.4).
Results from the Eye-tracking Protocol
In Figure 4 , we present an example of reading of the text 1 : the original (upper graphics) and simplified (lower graphics) versions. In Figure 5 , we present another example obtained while reading the text 2 in original and simplified versions. On these Figures, we can easily observe differences in reading of original and simplified versions.
In Table 1 , we present the average reading indicators for the two tested versions (original O and simplified S) and their statistical analysis: the reading time for the original O and the simplified S versions, the standard deviation sdt., the p-value p, the degree of freedom dof , and the t − test value. These results are provided for the text 1 and the text 2 , and for each indicator studied. The results indicate that:
• Reading time of the training (TRN) and control (CRL) texts. No statistical difference is observed with the reading time of the training and control texts. This indicates that the participants have the same reading capacity and that their reading results on medical texts are comparable. This is a good observation which points out that further results are comparable;
• Duration of the first fixation (DFF). No difference is observed for the duration of the first fixation. This indicates that reading of the two versions of texts starts in a similar way, that the participants do not anticipate on the nature of the texts (original or simplified), and again that further results are comparable;
• Total number of fixations (TNF). Statistically significant difference is observed for the total duration of fixations for the text 1 : on the original version the fixations are more frequent. This can be observed on text. For instance, in the original text, compound words like arthralgia, arthrosynovitis or metatarsophalangeal can require several fixations, which may correspond to the syllables of these words. Besides, this kind of terms also show longer fixations by the participants (the dots are larger). The technical version of the text 2 does not require that many fixations, may be due to the fact that it does not contain compounds;
• Amplitude of saccades (AMP). The simplification of the texts causes the increasing of the amplitude of saccades. As indicated in • Regressions (REG). The number of regressions is statistically important for the text 1 but not for the text 2 . This suggests that the reading of the simplified version of the text 1 is more fluent. This can also be observed on Figure 4 : on the original text, we can see vertical blue lines;
• Answers to the questionnaires (MCQ). The analysis of the answers to questions indicates that the understanding of the simplified version is always better for the simplified versions than for the technical versions. The difference is statistically significant for the two texts. Hence, we obtain 54% of correct answers for the original versions and up to 81% of correct answers for the simplified versions.
On the whole, we can observe that the simplification of text improves all the reading indicators:
(1) the total duration of fixations is lesser, (2) the amplitude of saccades is bigger, and (3) the regressions are less frequent. These results provide coherent and stable reading indicators and reading patterns specific to the technical original and the simplified versions of the medical texts. These results also indicate that the simplification of health documents is an efficient way to improve their reading and understanding by non-expert readers. As indicated all indicators show statistically significant differences on the text 1 and some of them are also statistically significant on the text 2 . On both texts, correct answers to questions are correlated with the text difficulty.
Advantages of Eye-tracking
The eye-tracking technology offers several advantages which can be exploited in different tasks, such as those presented in Section 1. We present here some of these advantages, which have been very useful in our experiments:
• Several indicators on the reading process can be computed and exploited. Typically, these indicators are: the number and duration of fixations, the amplitude of saccades, the number of regressions;
• The eye-tracking indicators are objective: they are non-conscious and non-controlled by people. They are directly impacted by the individual reading habits acquired during the scholar and family learning;
• The eye-tracking indicators can be correlated with other types of information such as understanding of texts, social and professional status of participants, etc.;
• During the reading, the words and terms are considered within their contexts and the global perception of texts is usually expected from participants.
Limitations of Eye-tracking
Yet, the eye-tracking technology presents some known limitations, which are usually taken into account in experiments (Duchowski, 2007) :
• Eye-tracking camera permits to detect and to record the gaze of the participants. The common hypothesis is that the gaze is correlated with the attention of participants, while in reality attention can also be oriented on objects which are located on peripheral areas of the gaze. Human vision system is indeed very sophisticated and currently it is not fully decoded yet. This is one of the known limitations of the eye-tracking methodology and it requires that the two possibilities are accepted: the gaze matches with the explicit attention of participants or does not match. In our case, with the reading of short medical texts, the requirement to answer questions after the reading, and the absence of distractors (the tests have been performed in experimental lab conditions), we assume that the attention of readers matches with their gaze;
• With some participants, due to their physiological specificities (long eyelashes, makeup, heavy eyelids...), it can be complicated to parameter the eye-tracking camera, and to track and record the eye movements. This can lead to loss of data or to wrong superposition of gaze recording on the texts. Nevertheless, when the data are exploitable, there is no impact on the reading indicators;
• Similarly, eyeglasses and contact lenses can be problematic for the tracking of the pupil and of its movements;
• For a given text or picture, the attention and the gaze of participants vary according to the task and the questions they are being asked.
In our experiment, all the participants had to do the same task which consisted in text reading and answering to questions. The instructions have been presented clearly at the beginning of the test and before each reading;
• Eye-tracking cameras also have some limitations: (1) they work with a given frequency (60 Hz) and some eye movements can be missed and not recorded; (2) the recorded signal is cleaned up, such as with blinking or some peripheral eye movements, which can also remove some important eye movements;
• Due to the test requirements, the tests can be performed only with short texts which can be easily displayed and read by all participants from a computer screen. This means that several tests and experiments are necessary to cover more texts and to increase their diversity.
Typology of difficulties
The results obtained from the presented experiments permit to propose a typology of some medical words and terms that may present reading and understanding difficulties to laypeople. Notice that this typology is confirmed and completed by larger experiments done with medical terminologies in French: almost 30,000 medical words from the UMLS (Lindberg et al., 1993) and Snomed International (Côté, 1996) in French. These terms have been manually categorized as understandable or non-understandable (Grabar and Hamon, 2016) . The complete proposed typology contains the following types of linguistic units:
• abbreviations (IVA, NIHSS, OAP, NaCl, VNI, OG, VG, PAPS, j, bat, cp);
• borrowings from Latin or English (stent, Hallux valgus);
• proper names (Gougerot, Sjögren, Bentall, Glasgow, Babinski, Barthel, Cockcroft);
• drug names (CALCIPARINE);
• neoclassical compounds meaning disorders, procedures or treatments (endoprothesis, pseudohémophilie, sclérodermie, hydrolase, tympanectomie, arthrodèse, synesthésie);
• human anatomy (metatarsophalangeal, microcytic, cloacal, pubovaginal, nasopharyngé, mitral, antre, inguinal, strontium,érythème, maxillo-facial, mésentère) ;
• lab test results with numeral values and their interpretation.
Such units are very frequent in different types of medical texts and potentially present an important understanding difficulty. We assume that such words and terms must be explained or simplified to laypeople to guarantee a more correct understanding of medical texts by them. This task can be typically addressed during the automatic text simplification or adaptation. Due to the experimental set-up, only two short excerpts from medical texts have been used (160 words in technical versions and 147 words in simplified versions, in total). Currently, it is difficult to link the typology classes to the eye-tracking indicators. Nevertheless, we can present here some first observations:
• Abbreviations. The text 2 contains one abbreviation (IVA), which required longer fixations of the participants;
• Borrowings. The text 1 contains one borrowing from Latin (Hallux valgus), which was read normally by participants. One possible explanation collected from participants is that uppercased H in Hallux valgus associated this term with a proper name;
• Proper names. No real proper names occur in the two texts;
• Drug names. No drug names occur in the two texts;
• Neoclassical compounds. The tested texts, and especially the text 1 , contain several compounds. As already indicated above, compounds require several fixations and these fixations are longer. Compounds may also require regressions;
• Human anatomy. Several terms related to human anatomy occur in the two texts. Excepting very frequent terms (like foot or hand), human anatomy terms usually require several fixations and these fixations are longer;
• Numeral values. The text 2 contains several numerical values. These values require longer fixations and also regressions.
These are just first raw observations obtained from two small medical texts in French.
Conclusion and Future Work
We proposed an experiment on studying the effect of simplification of medical texts addressed through the use of eye-tracking methods. In this way, we can obtain several objective reading indicators, such as duration of fixations, amplitude of saccades and regressions. The collected indicators are then compared between the original and simplified versions of a given text with statistical measures to analyze if there is statistically significant differences when reading technical and simplified medical contents. Then, two understanding questions (multiple choice questionnaires) are asked to the participants after the reading of each text. The results obtained indicate that reading of the two versions of the texts, original and simplified, provide coherent and stable reading patterns. For instance, when reading the simplified version, the fixations are shorter, the saccades are longer and the regressions absent or infrequent. Additionally, the analysis of the answers to questions indicates that the understanding of the simplified version is better: the number of correct answers varies between 54% for the original text and up to 81% for the simplified text. This also indicates that medical texts can be efficiently simplified in order to obtain their better understanding by non-expert persons.
These tests, together with data obtained from previous experiments, also permitted to propose a typology of medical words and terms that may present blocking points and difficulties with understanding. This typology include abbreviations, borrowed words, proper names, drug names, compounds, terms related to human anatomy and numbers. We assume that these kinds of terms should be simplified for a better understanding of medical texts by patients. Our first results permitted to associate some of these classes with eye-tracking indicators. For instance, compounds require more fixations and these fixations are longer. They may also require regressions.
We have several directions for future research. For instance, it would be interesting to study the relation between the text length and its readability and understanding. The hypothesis is that longer texts, even if they are simpler, may yet present reading and understanding difficulties. The impact of other factors (such as definitions, favorable contexts, pictures) can also be studied. Due to the experimental constraints, only short excepts of texts are used. For this reasons, it may be interesting to perform additional tests with a greater variety of text types and of simplification versions. Terms related to the proposed typology will be addressed in other works in order to perform their automatic explanation or simplification. In order to address different levels of literacy, different principles may be used when performing the simplification. These principes and the corresponding rules will be defined and tested in future work. Besides, like with manual simplification, the efficiency of automatic simplification methods can also be tested and evaluated using eye-tracking protocols.
